Activation of the superoxide forming NADPH oxidase in a cell-free system by sodium dodecyl sulfate. Absolute lipid dependence of the solubilized enzyme.
The superoxide (O2-)-forming NADPH oxidase of resting macrophages can be activated in a cell-free system by certain anionic amphiphiles, such as sodium dodecyl sulfate (SDS). O2- production requires the cooperation of membrane-associated and cytosolic components. The membrane component can be solubilized by octyl glucoside yielding a highly active oxidase preparation. High performance gel filtration of the solubilized oxidase on Superose 12 in the presence of 40 mM octyl glucoside leads to the total loss of enzymatic activity. This can be restored in previously inactive eluate fractions by "reconstitution" with N-ethylmaleimide or heat (60 degrees C)-inactivated total solubilized membrane. Oxidase activity, that becomes evident upon reconstitution, is eluted from Superose 12 with molecules in the Mr range of 300,000-71,000. The material with reconstitutive capacity is completely dissociated from the oxidase, eluting with molecules in the Mr range of 71,000-11,000. The Superose 12 elution profile of the material responsible for reconstitution coincides with that of membrane-derived phospholipid. Also, the reconstitutive capacity of total solubilized membrane and that of the Mr 71,000-11,000 region of the Superose eluate are recovered in a chloroform extract prepared by the method of Bligh and Dyer. It is concluded that loss of oxidase activity by gel filtration at a high octyl glucoside concentration is the consequence of delipidation. NADPH oxidase activity, revealed by reconstitution of Superose 12 fractions with exogenous phospholipid, correlates closely with the elution profile of cytochrome b559. Reconstitution of activity of delipidated oxidase can also be achieved with natural non-macrophage phospholipids and with synthetic phospholipids. Reconstitution of NADPH oxidase activity by lipids is governed by the following rules: (a) phospholipids are effective; lysophospholipids and neutral lipids are not; (b) phospholipids with polar heads represented by choline, ethanolamine, and serine, as well as cardiolipin, are effective; phosphatidylinositol is much less active; (c) phospholipids with unsaturated fatty acid residues are capable of reconstitution while saturated acyl residues do not confer activity; this specificity appears not to be related to the transition temperature of the phospholipids.